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LASER DRAWING DEVICE AND LASER DRAWING METHOD , AND HOLOGRAM 
MASTER AND METHOD FOR MANUFACTURE OF SAME 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

This invention concerns laser patterning or laser drawing 
technology used in various kinds of micromachining processes 
for semiconductor manufacture, hologram manufacture and other 
activities . This invention also concerns a hologram master for 
the reproduction of color three-dimensional images and 
technology for manufacture of same. 

2 . Description of the Related Art 

Fig. 23 shows a drawing of the principle of a 
conventional Lippmann-type hologram. A Lippmann-type hologram 
is also called a volume hologram, and is recording material 
with interference fringes recorded on the inside in the 
thickness direction. A Lippmann-type hologram can utilize its 
superior color selectivity and angular selectivity to control 
the phase of light passing through the hologram interior, to 
control transmission and reflection of specific colors of 
light, and to cause transmitted light to converge in an 
arbitrary direction or to control reflection of light incident 
from a specific direction, apart from recording of three- 
dimensional images. It can also be used as an optical element 
having the functions of filters and lenses . 

As shown in the drawing, the apple 81, as the object, 
is placed at an appropriate distance from the photographic 



plate 60. After passing through the shutter 35, the beam 
emitted from the gas laser 3 6 is condensed by the objective 
lens 33, and is rendered a parallel beam by the collimating 
lens 31. Thereafter it is divided by the half -mirror. 66, with 
part irradiating the apple 81, and the reflected light 
arriving at the photographic plate 60 as a signal wave 63. The 
other part is reflected by the mirror 61 and arrives at the 
photographic plate 60 as a reference wave 64. 

The thickness of the recording material layer of the 
photographic plate 60 is several tens of times the wavelength 
of the beam emitted by the gas laser 36. In the case of the 
optical system shown in the figure, the reference wave 64 and 
signal wave 63 are incident from opposite directions, so that 
interference fringes are nearly parallel to the surface of the 
photographic plate 60, diffraction efficiency is high, and a 
hologram with prominent wavelength selectivity is obtained. 

Generally, in order to use optical lithography to 
manufacture the master or similar to obtain relief-type 
holograms, a photomask fabrication process, exposure process, 
development process, and etching process are necessary. In the 
photomask fabrication process, an XY table-type laser 
patterning device, shown in Fig. 22, is used. In this figure, 
the processed member 1104 is photoresist which is the object 
of laser patterning, applied to a prescribed thickness on 
glass substrate. 

In an XY table-type laser patterning device, two 
orthogonal sliders 1102, 1103 are driven to move the processed 
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member 1104 placed on the XY table 1101 in the X-direction and 
Y-direction, while causing laser light 112 to be transmitted 
through the electrooptical modulator 103 and acoustooptical 
modulator 102, reflected by the mirror 104 , condensed by the 
objective lens 105 to form a laser spot on the processed 
member 1104, to draw the prescribed pattern in order to form 
the photomask. 

Normally, each pixel of the photomask assumes one of two 
levels, either transparent or opaque. If the depth of the 
hologram is assumed to be eight levels, then because 8=2 3 , a 
combination of at least three photomasks is necessary. In the 
exposure process, a photomask obtained by the above photomask 
fabrication process is placed in close contact with quartz 
substrate coated with photoresist, for exposure from above. 
When there are three photomasks, exposure is performed three 
times, changing the quantity of light from the light source. 

Thereafter development is performed, and the height of 
each pixel deepens according to the amount of light in the 
three exposures. Next the photoresist is used as a mask to 
etch the quartz substrate, transferring the pattern of the 
photoresist to the quartz substrate, to obtain a hologram 
master. 

However, in the above photomask fabrication process, when 
a pattern is drawn using an XY table-type laser patterning 
device, if there is a large number of pixels the number of 
slider motions in the XY directions and the number of 
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accelerations and decelerations increase, with the inexpedient 
result that drawing time is increased. 

Further, when the interior of a pattern is filled in 
there are numerous repetitive motions, and during high-speed 
operation a considerable load is applied to the linear motor, 
while at the same time the reactive force during acceleration 
and deceleration of the X-Y table itself becomes a source of 
vibrations, so that positional precision and velocity- 
precision are decreased. 

In Japanese Patent Application Laid-Open No. S59-171119 
is disclosed technology for high-speed patterning through disc 
rotation and the linear motion of an optical system; but there 
is no disclosure of a method to improve the drawing position 
precision or the resolution of the drawn pattern. 

In Japanese Patent Application Laid-Open No. H10-11814 is 
disclosed a method for formation of a display pattern to 
display desired characters or similar, by converting the 
original-image data expressed in an X-Y coordinate system into 
an R-8 coordinate system. But there is no disclosure of 
technology for the highly precise drawing in a short length of 
time of a pattern having minute gray scales in the depth 
direction. 

Further, the fabrication of a plurality of photomasks is 
necessary, and in the exposure process also alignment and 
exposure steps in a number equal to the number of photomasks 
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are required, so that manufacturing time and cost are both 
increased considerably. 

In the Lippmann-type hologram shown in Fig. 23, the 
signal wave 63 and reference wave 64 must interfere,' and so 
ambient light, fluorescent light, and other general lighting 
are not suitable as the light source. Hence the object must be 
placed in a darkroom in which ambient light is shut out, so 
that buildings in ambient lighting are not suitable as objects 
And, because the laser light must irradiate the entire object, 
large articles are not suitable as objects. 

In the article by T. Yatagi et al appearing in Appl . Opt. 
28, 1042-1043 (7989) is disclosed binary-level CGH fabrication 
technology which employs a control system combining the 
rotation of a turntable and the linear motion of a slider; but 
there is no disclosure of multilevel CGH fabrication 
technology having a plurality of phase values. 

SUMMARY OF THE INVENTION 

This invention was devised in light of the above 
problems; an object of the invention is to provide a laser 
patterning device and laser patterning method for drawing, 
with high precision and in a short amount of time, patterns 
having minute gray scales in the depth direction. 

Another object of this invention is to easily create 
holograms which have as objects large articles such as 
buildings, without being limited to small articles such as 
apples . 
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In order to resolve the above problem, a laser patterning 
device of this invention comprises a turntable on which a 
processed member is placed and which rotates the member; a 
linear slider; a laser serving as a light source; an, optical 
system which condenses the laser light to form a laser spot on 
a substrate and which is placed on the slider; and an optical 
modulator to vary the optical intensity of the laser spot. The 
processed member is rotated by means of the turntable, and 
laser patterning of the prescribed pattern on the processed 
member is performed while moving the optical system mounted on 
the slider. 

Through this configuration, by moving the laser spot 
linearly while rotating the processed member, a pattern having 
minute gray scales in the depth direction can be drawn with 
high precision and in a short amount of time. 

It is preferable that the above configuration further 
comprise a formatter, comprising an oscillator to generate a 
reference signal in order to synchronize the turntable rate of 
revolution with optical modulator control signals; a storage 
device to record digital data corresponding to the output 
values of the optical modulator control signals; and a 
converter to convert the above digital data into analog 
signals . 

By means of this configuration, exposure dose data is 
stored in advance in the storage device, and by reading this 
exposure dose data sequentially while converting it into 
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analog data, and maintaining synchronization with the 
turntable rotation, laser beam modulation can be performed. 

A laser patterning device of this invention comprises a 
turntable on which the processed member is placed an'd which 
rotates the member; a linear slider; a laser serving as a 
light source; an optical system, mounted on the slider, which 
condenses laser light on the above processed member to form a 
laser spot; sampling coordinate generation means to generate 
sampling coordinates while sequentially changing the radius 
from the center of rotation and the rotation angle of the 
turntable; sampling information generation means to generate 
sampling information corresponding to specific physical 
quantities representing the state at sampling coordinate 
positions; and exposure dose control means to control the 
exposure dose of the above laser spot using the sampling 
information. 

Through this configuration, the exposure dose of the 
laser spot at each sampling point is calculated in realtime 
during exposure processing, so that the need to store exposure 
dose data in advance in a storage device is eliminated. 

In the hologram master of this invention, a plurality of 
hologram regions to reproduce images resulting from analysis 
into each color component of a three-dimensional color image 
are positioned on the same substrate. The above color 
components are, for example, red, green, and blue. A hologram 
can be fabricated by copying an image reproduced based on the 
above hologram master onto hologram recording media. 
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B"RTF.F DESCRIPTION OF THE DRAWINGS 



Fig. 1 is a diagram of the configuration of a laser 
patterning device of this invention; 

Fig. 2 is a diagram which explains laser patterning in a 
hologram region; 

Fig. 3 is a functional block diagram of the formatter of 
a laser patterning device of this invention; 

Fig. 4 is a diagram which explains laser patterning in a 
hologram region; 

Fig. 5 is the beam profile of a laser spot; 

Fig. 6 is a diagram which explains the resist pattern 
depth and exposure dose distribution; 

Fig. 7 is a block diagram of the control system of a 
laser patterning system; 

Fig. 8 is a flow chart describing the processing step of 
the sampling coordinates generation routine; 

Fig. 9 is a flow chart describing the processing step of 
the sampling information generation subroutine; 

Fig. 10 is a graph showing the relation between resist 
depth and exposure dose; 

Fig. 11 is a diagram which explains the coordinate system 
in the drawing region; 

Fig. 12 is a diagram which explains the drawing pattern; 

Fig. 13 is a diagram which explains the basic pattern; 
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Fig. 14 is a flow chart describing the processing step of 
the sampling information generation subroutine; 

Fig. 15 is a diagram which explains the formation of a 
plurality of identical drawing patterns; 

Fig. 16 is a plane view of a hologram master of this 
invention; 

Fig. 17 is a diagram which explains the reproduction of 
an image using a hologram master of this invention; 

Fig. 18 is a cross-sectional view of a hologram master of 
this invention; 

Fig. 19 is a flow chart describing manufacturing 
processes for the hologram master of this invention; 

Fig. 20 is a diagram which explains recording of a 
hologram using a hologram master of this invention; 

Fig. 21 is a diagram which explains a display device to 
reproduce images using a hologram master of this invention; 

Fig. 22 is a diagram of the configuration of a 
conventional laser patterning device; and, 

Fig. 2 3 is a diagram which explains a conventional 
Lippmann-type hologram. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Below, aspects of embodiments of this invention are 
explained with reference to the drawings. 

Embodiment 1 of the Invention 
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Fig. 1 shows the configuration of a laser patterning 
device. In the figure, the laser light 112 emitted from a gas 
laser or solid-state laser passes through an electrooptical 
modulator 103 to remove laser noise and an acoustooptical 
modulator 102, the transmittance of which changes according to 
the drawing pattern. Thereafter the laser light 112 is 
reflected by the mirrors 101, 104, is condensed by the 
objective lens 105 to become a laser spot, and irradiates the 
photoresist laser 111 formed on the surface of the glass 
master plate 108. Through the action of this light, a latent 
image is formed in the photoresist 111, to draw a pattern. 

Normally, the higher the optical intensity of the laser 
spot, the deeper the latent image is formed. As time passes, 
the table 106 moves in the r direction, that is, from inner 
circumferences to outer circumferences of the glass master 
plate 108, on the slider 107. The glass master plate 108 is 
fixed by vacuum suction to the turntable 109, and rotates 
under the driving force of the spindle motor 110 as shown in 
Fig. 2. Through this operation, the trajectory 202 of the 
laser spot irradiating the photoresist layer 111 is a spiral 
shape. A single circumference of this trajectory is here 
called a track. The laser spot exposes the interior of the 
hologram region 201. 

The method of rotation control of the spindle motor 110 
during draw operations is not stipulated in particular, but 
control should be exercised such that the rotation rate is 
always constant (constant angular velocity). In this case, the 
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speed with which the laser spot scans the photoresist layer 
111 is faster in proportion to the distance between the laser 
spot and the center of rotation (the radius). In order to 
obtain a uniform exposure dose on the glass master plate 108, 
the intensity of the laser spot must be increased in 
proportion to the speed with which the laser spot scans the 
glass master plate. The electrooptical modulator 103 performs 
this control, and has the function of varying the transmitted 
light intensity of the laser light 112 according to the radius. 

Here a case is considered in which a pattern like that 
shown in Fig. 4 is drawn in the hologram region 201. The 
pixels 404 comprised by the pattern are delineated by a 
plurality of line segments 4 02 extending in the radial 
direction from the center of rotation 401, and a plurality of 
arcs 403. The hatching density of each pixel in the hologram 
region 201 represents the depth; higher densities denote 
g rea ter depth. When the photoresist applied to the glass 
master plate 108 is the positive type, during development the 
exposed parts are dissolved and concave shapes are formed; 
these areas are deeper for larger exposure doses . 

Hence the electrooptical modulator 103 is controlled such 
that exposure doses are greater for pixels with greater 
densities, and are smaller for pixels with smaller densities. 
The dot formed in each pixel may be formed by a single laser 
pulse; or, when the laser spot diameter is small compared with 
the pixel, it may be formed by a plurality of laser pulses. 
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The electrooptical modulator 103 is generally driven 
according to control signals input to an optical modulator 
driver. Fig. 3 is a functional block diagram of the formatter 
which supplies control signals to this optical modulator 
driver. This formatter is synchronized with the spindle motor, 
and supplies a voltage level corresponding to the depth of 
each pixel to the optical modulator driver with highly precise 
timing. 

Clock signals supplied from a quartz oscillator 3 01 are 
divided by a frequency divider 3 02, and after division the 
clock signal frequency becomes the reference frequency fr of 
the serial signal generator 307. The clock signal of this 
reference frequency fr is further divided by the frequency 
divider 303, becoming a reference signal for control of the 
rotation rate of the spindle motor, and is supplied to the 
spindle motor driver. 

Values (data) corresponding to exposure doses for each 
pixel are recorded on a hard disk 304, in the order of 
exposure. This data is transferred to a FIFO (first-in-first- 
out) memory 306 by an interface controller 305. The digital 
data corresponding to exposure doses for a plurality of 
continuous pixels is transferred in parallel. This parallel 
signal is divided into the number of bits required for one 
pixel by the serial signal generator 307, and is transferred 
to a time-series D/A converter 3 08 in sync with the reference 
signal fr. At the D/A converter 3 08, conversion to analog 
signals at voltage levels corresponding to digital signals is 
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performed, and the result supplied to the optical modulator 
driver. 

In this way, exposure is performed at prescribed exposure 
doses for each pixel comprised by the hologram region 201, and 
through development, a relief -type pattern is formed in the 
photoresist layer 111. By using the photoresist layer 111 as a 
mask to etch the glass master plate 108, the pattern of the 
photoresist layer 111 can be transferred to the glass master 
plate 108. By this means, a hologram master is obtained. 

As has been explained above, by means of this aspect of 
the invention, a pattern having fine gray scales in the depth 
direction can be drawn with high precision and in a short 
amount of time. Here the example of manufacture of a hologram 
master has been given, but this method is effective when 
forming a pattern having fine gray scales in the depth 
direction. 

Next, a method is explained for improving the depth 
precision of the laser spot during laser exposure using the 
laser patterning device explained in Fig. 1. As shown in Fig. 
5, the beam profile I(x) of the laser spot of the laser 
patterning device is normally as shown by the curve 501. The 
smallest circle at which the laser intensity is zero is called 
the Airy disk; its radius w is a value determined by the laser 
wavelength and by the numerical aperture of the optical system. 
The definition of the Airy disk is stated in detail on page 7 6 
of Kougaku Gairon II (by Junpei Tsujiuchi, published by 
Asakura Shoten). 
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When such a laser spot is used to momentarily expose 
photoresist and form a single pixel, a resist pattern of shape 
similar to the beam profile is formed. Ideally, it is 
desirable that the depth be uniform for each pixel region; 
hence a rectangular beam profile is desired for the laser spot. 
However, when the laser spot diameter is made the same order 
as the laser wavelength, it is in principle impossible to 
obtain a rectangular beam profile. 

Hence if, in laser patterning, the distance over which 
the table 106 advances during the interval of a single 
revolution of the turntable 109 shown in Fig. 1, that is, the 
track pitch p, is made equal to the Airy disk radius w of the 
laser spot, then a nearly ideal exposure distribution is 
obtained within the hologram region 201 shown in Fig. 2. The 
principle involved is explained below, referring to Fig. 6. In 
Fig. 6, the symbols 601, 602 denote beam profiles of the laser 
spot irradiating the photoresist, 603 denotes the sum total of 
the exposure distribution resulting from irradiation of the 
photoresist, 604 is the photoresist depth distribution after 
development processing, and 605 is the target photoresist 
depth distribution. 

In the figure, the laser spot irradiating the track t n has 
the beam profile 601, and the laser spot irradiating the track 
t n+1 adjacent to this has the beam profile 602. In order to 
simplify the explanation, these beam profiles 601, 602 are 
represented by approximating the beam profile 501 as a 
triangular shape. 
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The track pitch p and Airy disk radius w have been made 
equal, so that, at the peak position of the beam profile 601, 
the beam profile 602 is zero, and so the exposure dose at the 
center of the track t n is not affected by the beam profile 602 
for the adjacent track t n+1 . Consequently the sum total of the 
distribution in the radial direction of the exposure dose to 
which the photoresist is exposed is obtained by connecting the 
apexes of each of the beam profiles, to obtain the curve 
denoted by symbol 603. 

When this photoresist is developed, the depth 
distribution of the resist pattern is as indicated by the 
symbol 604, so that the target depth distribution 605 can be 
essentially realized. However, the depth changes gradually at 
the boundaries of each pixel, equivalent to the application of 
a so-called low-pass filter. For this reason, it is desirable 
that the track spatial frequency (1/p) be higher than the 
spatial frequency band required by the depth distribution 604. 

As explained above, by making the track pitch p equal to 
the Airy disk radius w, the depth of the resist pattern to be 
formed and the exposure dose due to the laser spot are in one- 
to-one correspondence, so that exposure control is facilitated, 
and precise processing in the depth direction can be achieved. 

Embodiment 2 of the Invention 

The laser patterning device of this aspect of the 
invention comprises the configuration shown in Fig. 1. Before 
explaining the laser patterning method of this aspect, the 
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coordinate system for the pattern to be drawn on the drawing 
region 405 of the glass master plate 108 is explained, 
referring to Fig. 11. The drawing region 4 05 is the region 
enclosed by two arcs centered on the center of rotation 401 of 
the glass master plate 108 , and two straight lines passing 
through the center of rotation 401. In order to represent the 
position of the point of drawing, two coordinate systems are 
used, based on the center of rotation 401. One is an 
orthogonal coordinate system (XY coordinate system), with the 
center of rotation 401 as the origin, and with the Y axis set 
on the straight line passing through the center points of the 
arcs forming the drawing region 4 05 and through the center of 
rotation 401. The other is a polar coordinate system (r9 
coordinate system) , in which r is the distance between the 
center of rotation 401 and the drawing point, and the rotation 
angle 8 is the angle formed with the X axis by the straight 
line passing through the drawing point and the center of 
rotation 401. 

Fig. 7 is a block diagram of the control system of the 
laser patterning device. In the figure, a signal with fixed 
frequency output from the quartz oscillator 701 is divided by 
the frequency divider 702, to become the reference signal 
determining the timing with which the D/A converter 705 is 
driven. The D/A converter 705 sequentially reads digital 
signals from the FIFO memory 704 with the timing of this 
reference signal, converting them to analog signals with 
corresponding voltages, for output to the acoustooptical 
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modulator driver as control signals for the acoustooptical 
modulator 102. The number of bits of the D/A converter 705 is 
not stipulated in particular, but in this aspect is eight bits. 
This reference signal is further divided by the frequency- 
divider 7 03, and supplied to the spindle motor driver to 
control the rotation rate of the spindle motor 110. In this 
way, by using a common reference signal to control both the 
acoustooptical modulator 102 and the spindle motor driver, 
complete synchronization is possible, and the precision of the 
drawing position can be enhanced. 

When the amount of data remaining within the FIFO memory 
7 04 decreases to less than half of full capacity, an interrupt 
signal 710 is output to the sampling coordinate generation 
routine 7 06. Here it is supposed that half of full capacity of 
the FIFO memory 704 is equal to SIZE bytes. When the sampling 
coordinate generation routine 7 06 receives an interrupt signal 
710, exposure dose data in the amount of SIZE bytes is 
generated. In this aspect, the number of bits of the D/A 
converter 7 05 is eight bits, so that exposure dose data is 
converted into optical intensity modulation signals with 256 
gray scales by the D/A converter 7 05, and is output to the 
acoustooptical modulator driver. 

Fig. 8 shows the processing steps of the sampling 
coordinate generation routine 706. In the figure, the variable 
m is a variable used in this processing step to count the 
number of sampling coordinates for which exposure dose data is 
to be determined. Exposure dose data for each sampling 
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coordinate is eight bits, and so by repeatedly executing steps 
S101 through SI 14 for SIZE number of times , that is, until 
m=SIZE, exposure dose data is generated sufficient for SIZE 
bytes . 

Here r 0 is the starting drawing radius, and r ± is the ith 
track radius. Ar is the interval between adjacent tracks, 
equivalent to (r i+1 -ri) . 0 D is the rotation angle of the first 
sampling point for each track, and 0 3 is the rotation angle of 
the jth sampling point. A0 is a difference of rotations angles 
at adjacent sampling points and equivalent to (0 j+1 -9j) • i and j 
are static variables which take the values of zero or of a 
natural number in the range 0<i<Mr, O<j<M0. i and j are each 
initialized to zero prior to drawing, and during drawing the 
values of each are maintained. 

When an interrupt signal is supplied to the sampling 
coordinate generation routine 706, the variable m is 
initialized to zero (step S101). Next, the values of variable 
m and of SIZE are compared, and if m<SIZE (step S102; YES), 
r 0 +ixAr is substituted for r ± , and 0 Q +jxA0 is substituted for Q i 
(step S103). Here the values of i and j are the values 
maintained before an interrupt signal was supplied to the 
sampling coordinate generation routine 7 06. Next riXcosOj is 
substituted for X and riXsinOj is substituted for Y, to convert 
polar coordinates into orthogonal coordinates (step S104). 
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Next the sampling information generation routine 708 is 
called, and data proportional to the depth of the latent image 
in the photoresist (hereafter called depth data) is generated 
(step S105). As shown in Fig. 9, in the sampling information 
generation routine 708, first a judgment is made as to whether 
the sampling point, converted into orthogonal coordinates, is 
positioned within the drawing region 405 (step S201). If the 
sampling point (x,y) is positioned within the drawing region 
405 (step S201; YES), depth data is acquired from the function 
f(x,y) and is substituted into the variable d. The function 
f(x,y) is a function for determining, through arithmetic 
operations, depth data for each sampling point. 

In this way, even if the amount of depth data is an 
enormous amount of data overall, a configuration is adopted in 
which depth data is determined by calculations during drawing 
operation, so that there is no need to store depth data in 
advance in a storage device (for example, an external storage 
device), and the configuration of the laser patterning device 
can be simplified. If too much time is required for depth data 
calculations, the depth data may instead be stored in advance 
in memory 709, and may be referenced during drawing to perform 
drawing operations. On the other hand, if a sampling point is 
not positioned within the drawing region 405 (step S201; NO), 
"0" is substituted for the variable d (step S204). The value 
of the variable d is then output (step S2 03). 

Next, the exposure dose conversion subroutine 407 is 
called, and exposure dose conversion is performed (step S106). 
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Normally when using positive-type photoresist, the formed 
latent image is dissolved in the development process, and 
concave shapes are formed on the photoresist surface with 
depth corresponding to the depth of the latent image-. Because 
the latent image depth depends on the exposure dose, the depth 
of concave shapes formed on the photoresist surface depends on 
the exposure dose. Fig. 10 shows the relation between resist 
depth and exposure dose. The curve 70 is a photosensitive 
characteristic curve indicating the exposure doses 
corresponding to resist depths. In the exposure dose 
conversion subroutine 707, the photosensitive characteristic 
curve 7 0 is used to determine the required exposure dose data 
from the depth data (values of the variable d), and this is 
output to the FIFO memory 704 (step S107). Exposure dose 
conversion processing may be configured to record depth data 
and exposure dose data in advance in a table format in memory, 
for later referencing, or may perform calculations based on an 
approximating equation representing the characteristic curve. 

Next, the value of j is incremented by one (step S108), 

and if the value of j does not coincide with the value of M0 

(step S108; NO), the value of m is incremented by one (step 

S110), and execution returns to step S102. If the value of j 

coincides with the value of M0 (step S108; YES), 0 is 

substituted for j (step Sill), and the value of i is 

incremented by one (step S112). Here, if the value of i does 

not coincide with Mr (step S113; NO), the value of r 0 +ixAr is 

substituted for ri (step S114), and execution proceeds to step 
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SI 10. If the value of i coincides with Mr (step S113; YES), 
drawing is terminated . 

As explained above, in the laser patterning device of 
this aspect, by preparing various types of sampling ' 
information generation subroutines, diverse patterns can be 
drawn. And because drawing is possible while rotating the 
turntable 109 at high speed, arbitrary patterns can be drawn 
with high speed and precision compared with conventional XY 
table-type laser patterning devices . 

In the above explanation, a configuration was shown in 
which the laser light 112 is modulated by the acoustooptical 
modulator 102; but a semiconductor laser can also be used as 
the laser light source. In this case, optical modulation is 
possible using the semiconductor laser itself, and the 
acoustooptical modulator 102 becomes unnecessary. 

Next, a drawing method is explained which is configured 
such that the drawing pattern involves periodic repetitions of 
a basic pattern. Here the case of formation of a lattice-shape 
pattern in the photoresist, like that shown in Fig. 12, in the 
drawing region 405 of the glass master plate 108 is explained. 
In the figure, the sampling points are the points of 
intersection of straight lines passing through the center of 
rotation 401 of the glass master plate 108, as typified by the 
straight line 802, and tracks as typified by the track 803 
(for example, the points of intersection 800, 801). 
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The lattice-shape pattern exhibits periodicity, and the 
basic pattern is shown in Fig. 13. Here, one period of the 
lattice-shape pattern is referred to as a cell 900. 
Coordinates within the cell 900 can be expressed as relative 
coordinates (xr, yr) . Px is the period in the xr axis 
direction, and Py is the period in the yr axis direction. The 
cell 900 has two types of region. The region denoted by the 
symbol 804 is not exposed, and photoresist remains in place; 
it is called the cell frame. The region denoted by the symbol 
8 05 is exposed in order to form a concave shape; it is called 
the cell interior. 

The basic method used when drawing a periodic basic 
pattern like that above is the same as the method already 
explained; only the sampling information generation subroutine 
708 is different. Fig. 14 shows the processing flow of the 
sampling information generation subroutine 708 when drawing 
such a periodic basic pattern. In the subroutine, first, when 
the sampling point (x,y) is positioned within the drawing 
region 405 (step S301; YES), the coordinates (x,y) are 
converted into relative coordinates (xr, yr) (step S302). 
Concretely, the remainder when x is divided by Px is taken to 
be xr, and the remainder when y is divided by Py is taken to 
be yr. 

Next, depth data is obtained from the function fr(xr,yr), 
and is substituted into the variable d (step S303). The 
function fr(xr,yr) is a function used to determine by 
calculation the depth data for each sampling point. In order 
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to obtain the depth data for each sampling point, in addition 
to the method of using the function fr(xr,yr), depth data for 
individual sampling points may be stored in memory in advance. 
On the other hand, if the sampling point (x,y) is not 
positioned within the drawing region 405 (step S301; NO), 
execution advances to step S3 04. In step S3 04, the value of 
the variable d is output. 

As explained above, when the drawing pattern comprises a 
repeated periodic basic pattern, because a sampling 
information generation subroutine like that shown in Fig. 14 
is provided, depth data can be generated rapidly through 
simple calculations and using a small amount of memory. The 
basic pattern is not limited to a lattice shape; a similar 
technique is possible for any arbitrary shape having 
periodicity. Although this explanation has been given for 
patterns having binary depths of a cell frame 804 and cell 
interior 805, formation of complex patterns having three or 
more depth values is also possible. 

By narrowing the track interval Ar or by reducing A9, the 
sampling density can be increased, enabling drawing of an 
ideal pattern. In order to reduce A0, either the rotation rate 
of the turntable 109 can be slowed, or the frequency of the 
output signal of the frequency divider 2 02 and the processing 
speed of the sampling information generation subroutine 208 
can be increased. 
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However, in actuality there are limits to increases in 
sampling density, and drawing errors occur in the r-direction 
intervals Ar and 6-direction intervals A8 in actually drawn 
patterns. Hence by setting 

Ar = Py/n 

in the case of a pattern having periodicity, and with 
period Py in the yr direction, the effective drawing precision 
in the yr axis direction can be improved. For example, in the 
case of the lattice-shape pattern shown in Fig. 12, focusing 
only on the yr axis direction, a single cell can be drawn in 
four tracks. That is, by setting 

Ar = Py/4 

the cell frame 804 can be drawn at every four tracks, for 
improved drawing precision. 

In the above explanation, an example has been given for 
the case in which a single pattern is drawn on the glass 
master plate 108; by performing four irradiations of the same 
laser pulse train during the interval in which the glass 
master plate 108 makes a single revolution, the regions 1001a, 
1001b, 1001c, 100 Id can be drawn in one operation with the 
same pattern, as shown in Fig. 15. If irradiation employs 
different pulse trains as necessary, a plurality of different 
patterns can be drawn in one operation. It is possible to make 
this time for drawing equal to the time required to draw a 
single pattern 1001a, and so the drawing time per pattern can 
be shortened. 
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Embodiment 3 of the Invention 

Next, the hologram master of this aspect of the invention 
is explained. 

Fig. 16 is a plane view of the hologram master; Fig. 18 
is a cross-sectional view of the hologram master. As shown in 
Fig. 16, the hologram master 10 comprises a plurality of 
hologram regions 11, 12, 13 in order to reproduce images 
obtained by analyzing a color three-dimensional image into 
color components. It is assumed that the hologram regions 11, 
12, 13 reproduce red, green, and blue images, respectively. 
Each of these hologram regions forms a fan shape, the central 
angle of which is 120°. 

As shown in Fig. 18, the hologram master 10 comprises 
photoresist 111 applied to the top of a glass master plate 
108; the photoresist 111 comprises numerous pixels of varying 
depths. Pixels are obtained by exposing the photoresist to 
laser light, and then developing. At this time, by varying the 
exposure dose the pixel depth can be adjusted. A hologram 
having such an uneven shape is called a relief -type hologram. 
In the figure, the symbol 113 denotes a pixel the depth d of 
which is zero. 

In order to reproduce the image of the hologram master 10, 
each of the hologram regions 11, 12, 13 is irradiated with 
laser beams 20 of the corresponding colors, as shown in Fig. 
17. Each pixel produces a phase difference in the transmitted 
beam according to the depth d, forming a wave front which 
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reproduces the image. With pixels 113 of depth d=0 as 
reference, the phase difference A(j> (rad) resulting from 
modulation is given by the following formula. 

A$ = 2jtd(n-l)A 

Here n is the refractive index of the photoresist 111, 
and X (nm) is the wavelength of the laser beam 20. On 
irradiating the hologram region 11 with a red laser beam 20, 
the laser beam 2 0 undergoes phase modulation in the hologram 
region 11, is condensed by the lens 21, and reproduces an 
image of the red component of the image of an apple 22 which 
was the object. Similarly, on irradiating the hologram regions 
12, 13 with green and with blue laser beams 20, images of the 
green and blue components are reproduced. 

The maximum value of the pixel depth d occurs when A(|> is 
2n in the region 11 which reproduces the red image. If the 
wavelength of the red laser beam 20 is 633 nm and the 
refractive index n of the photoresist 111 is 1.60, then from 
the above equation, the maximum value of d is 1.06 pern. 

By forming the photoresist 111 into a relief shape, a 
hologram master 10 is obtained. However, it is also possible 
to form relief -shape photoresist 111 on quartz substrate, then 
use this photoresist 111 as a sacrificial layer in etching in 
order to transfer the relief shape of the photoresist 111 to 
the quartz substrate, to manufacture the hologram master. 
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A reflective layer may also be provided on the surface of 
the photoresist 111, to form a reflective-type hologram. 

Next, the method of manufacture of the above hologram 
master 10 is explained, referring to Fig. 19. First the object 
is captured from a plurality of directions (step S401), and a 
computer is used to calculate depth data for each pixel 
comprised by the image of the object, to generate data for the 
three-dimensional image (step S402). In place of steps S401 
and S402, computer graphics technology may be used to generate 
data for a suspended three-dimensional image. Next, this 
three-dimensional image is analyzed into images for each of 
the color components red, green and blue, and by subjecting 
these to FFT or diffraction integration, the complex amplitude 
distribution on the face of the hologram master 10 is 
calculated (step S403). 

Here, by increasing the distance between the reproduced 
image and the hologram master face, the amplitude distribution 
becomes nearly constant, and it is sufficient to focus only on 
the phase distribution. When this phase distribution is 
generated in orthogonal coordinates (XY coordinates), it is 
converted into polar coordinates (r0 coordinates). Depths are 
calculated such that the required phase differences occur for 
each of the pixels comprised by this phase distribution, and 
the exposure dose data required to obtain these depths is 
calculated (step S404). 

The glass master plate 108 is precisely polished and 

washed to regenerate the master plate (step S4 05). Next, 
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photoresist is spin-coated onto the surface of the glass 
master plate 108 (step S406), and the glass master plate 108 
is exposed (step S407). 

In exposure of the glass master plate 108, the laser 
patterning device shown in Fig. 1 is used. The wavelength of 
the gas laser used as the light source is determined by the 
spatial frequency, that is, the resolution, required for 
fabrication of the hologram master 10; in this aspect of the 
invention, a violet laser of wavelength approximately 400 nm 
is used. The spot size of the laser beam when condensed at the 
diffraction limit by an objective lens 105 is, for a numerical 
aperture of 0.9, approximately 0.5 ym. The laser light 112 
emitted from the gas laser passes through the electrooptical 
modulator 103, and then passes through the acoustooptical 
modulator 102. The exposure dose data generated in step S404 
is converted into a voltage level for each pixel, and this is 
used as a control signal for sequential input to the 
electrooptical modulator 103. 

The electrooptical modulator 103 utilizes the 
photoelastic effect of an acoustooptical element, and is 
capable of modulating the laser light 112 according to an 
input control signal. After passing through the acoustooptical 
modulator 102, the laser light 112 is reflected by mirrors 101, 
104, condensed by the objective lens 105, and forms a laser 
spot on the photoresist 111 on the glass master plate 108, 
already processed in steps S405, S406. The glass master plate 
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108 is fixed in place by suction on the turntable 109, and 
rotates under a driving force from the spindle motor 110. 

The table 106 moves from inner to outer circumferences of 
the glass master plate 108 as time passes, to expose' the 
hologram region. Each of the pixels comprised by the hologram 
region by a single pulse of laser light within one rotation, 
or, if the size of the laser spot is small compared with the 
pixel, may be formed by a plurality of pulses during a 
plurality of rotations. 

Thereafter, by developing the glass master plate 108, a 
hologram master 10 in relief shape is formed in the 
photoresist 111. When the photoresist 111 applied to the glass 
master plate 108 is of the positive type, upon development the 
exposed parts are dissolved and a concave pattern is formed; 
the greater the exposure dose, the deeper is the pattern. 
Hence in order to increase the phase differences among pixels, 
the differences in exposure doses irradiating pixels must be 
made large. 

As explained above, by means of this aspect of the 
invention the laser spot is moved linearly in the radial 
direction while rotating the glass master plate 108 to effect 
exposure, enabling reduction of the time required for the 
exposure process. 

The phase distribution on the hologram master 10 can be 
calculated by a computer, and based on this data a hologram 
master 10 precisely fabricated, and by transferring the 
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reproduction image to a photographic plate 60, Lippmann-type 
holograms can be easily mass-produced without any constraints 
on the object size. 

By forming the hologram regions 11, 12, 13 of the three 
primary colors on a single disk, it is easy to position the 
hologram master 10 in the process of transferring the 
reproduced image to a photographic plate 60. 

Next, the method of manufacture of holograms of this 
aspect is explained, with reference to Fig. 20. The laser beam 
emitted from a white-light laser 65 passes through a shutter 
35 before reaching the color filter 34. The color filter 34 
forms a disk shape, and comprises, within the disk shape, 
color filters for the three primary colors red, green, and 
blue. The laser beam emitted from the white-light laser 65 has 
the components of the three primary colors, and by rotating 
the color filter 34, the wavelength of the laser beam passing 
through this filter can be switched. 

After passing through the color filter 34, the laser beam 
is condensed by the objective lens 33 and divided by the half- 
mirror 66; part arrives at the mirror 32, the other part 
arrives at the mirror 61. The laser beam reflected by the 
mirror 32 is rendered into a parallel beam by the collimating 
lens 31, reaches the hologram master 10, undergoes spatial 
phase modulation, and becomes a wave front forming the 
reproduced image of the object. The hologram master 10 is 
obtained by the fabrication method described above. On passing 
through the hologram master 10, the image of the laser beam is 
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enlarged by the lens 21, and reaches the photographic plate 60 
as a signal wave 63. 

On the other hand, the laser beam reflected by the mirror 
61 is rendered into a parallel beam by the collimatihg lens 62 
and reaches the photographic plate 60 as the reference wave 64 
The recording material layer of the photographic plate 60 is a 
volume hologram of thickness several tens of times greater 
than the wavelength; the interference fringes of the signal 
wave 63 and reference wave 64 are recorded as variations in 
density or as changes in refractive index. 

This exposure operation is performed a total of three 
times, for the red, green and blue colors, by rotating the 
color filter 34 and hologram master 10. The interference 
fringes for the three primary color components are recorded, 
superposed, on the photographic plate 60. Thereafter, the 
photographic plate 60 is developed as necessary, to complete 
the hologram. When reproducing the image, natural light is 
irradiated from the same direction as the reference wave 64 
with respect to the photographic plate 60, and a color three- 
dimensional image of the object floats above the photographic 
plate 60. 

Next, the display device of this aspect is explained with 
reference to Fig. 21. A laser beam emitted from a white-light 
laser 3 6 passes through a shutter 35, to arrive at the color 
filter 34. This color filter 34 forms a disk shape and 
comprises, within the disk shape, color filters for the three 
primary colors red, green, and blue. The laser beam emitted 
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from the white-light laser 65 has the components of the three 
primary colors, and by rotating the color filter 34, the 
wavelength of the laser beam passing through this filter can 
be switched. 

After passing through the color filter 34, the laser beam 
is condensed by the objective lens 33 and reflected by the 
mirror 32, then rendered into a parallel beam by the 
collimating lens 31 and arrives at the hologram master 10. The 
hologram master 10 is obtained by the fabrication method 
described above. 

The color filter 34 and hologram master 10 are rotated at 
the same rotation rate; when the laser beam emitted by the 
white-light laser 36 passes through the red filter of the 
color filter 34, the red hologram region of the hologram 
master 10 is irradiated, and is synchronized such that the red 
image is reproduced. In the cases of the green and blue 
hologram regions similarly, the color filter is synchronized 
such that green and blue images are reproduced. 

The shutter 35 is also opened and closed in sync with the 
rotation of the hologram master 10, and is configured such 
that when the hologram master regions 11, 12, 13 are at 
appropriate positions, the shutter 35 is opened. If the 
rotation rate of the hologram master 10 is set to 
approximately 3 0 rotations per second, the observer 3 7 does 
not sense any flicker due to the opening and closing of the 
shutter 35, and can observe a color three-dimensional image. 
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In this way,- by directly viewing the image reproduced 
from the hologram master 10, a distinct three-dimensional 
image can be obtained. Because the direction of incidence of 
the reference wave on the hologram master 10 is fixed, there 
is no need to adjust the direction of incidence of the 
reference wave. 
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1. A laser patterning device, comprising a turntable on 
which a processed member is placed and which rotates the 
member, a linear slider, a laser serving as light source, an 
optical system mounted on said slider to condense the laser 
light and form a laser spot on said member, and an optical 
modulator to vary optical intensity of said laser spot; which 
rotates said processed member by means of said turntable, and 
moves the optical system mounted on said slider while 
performing laser patterning of a prescribed pattern on said 
processed member. 

2. The laser patterning device according to claim 1, 
comprising a formatter, comprising an oscillator which 
generates a reference signal in order to synchronize the 
rotation rate of said turntable and the control signals of 
said optical modulator; a storage device to record digital 
data corresponding to the output values of the control signals 
of said optical modulator; and a converter for conversion of 
said digital signals into analog signals. 

3 . The laser patterning device according to claim 1 , 
wherein the distance over which said optical system moves on 
the slider while said turntable rotates once is set to be 
equal to the radius of the Airy disk of said laser spot. 
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4. A laser patterning method, wherein a processed 
member is rotated, and laser light is moved linearly to 
perform laser patterning of a prescribed pattern on said 
processed member. 

5. The laser patterning method according to claim 4, 
wherein said processed member is placed on a turntable and 
rotated; an optical system mounted on a linear slider is moved 
linearly and causes laser light to move along the linear 
direction of the slider; and laser patterning is performed in 
a prescribed pattern on said processed member, while an 
optical modulator changes the laser light intensity. 

6. The laser patterning method according to claim 5, 
wherein the driver of said turntable is driven based on a 
reference signal generated by an oscillator; digital data 
recorded in a storage device is converted into analog signals 
and supplied to said optical modulator based on the reference 
signal; and the rotation rate of said turntable is 
synchronized with the control signals of said optical 
modulator. 

7. The laser patterning device according to claim 6, 
wherein the distance over which said optical system moves 
linearly along said slider while said turntable rotates once 
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is made equal to the radius of the Airy disk of said laser 
spot . 

8. A laser patterning device, comprising a turntable on 
which a processed member is placed and which rotates the 
member; a linear slider; a laser serving as a light source; an 
optical system, mounted on said slider, to condense the laser 
light to form a laser spot on said processed member; sampling 
coordinate generation means which generates sampling 
coordinates while sequentially modifying the radius from the 
center of rotation of said turntable and the rotation angle; 
sampling information generation means which generates sampling 
information corresponding to specific physical quantities 
representing the state at the position of said sampling 
coordinates; and exposure control means to control the 
exposure dose of said laser spot based on said sampling 
information. 

9. A laser patterning device, comprising a turntable on 
which a processed member is placed and which rotates the 
member; a linear slider; a laser serving as a light source; an 
optical system, mounted on said slider, to condense the laser 
light to form a laser spot on said processed member; sampling 
information generation means which generates sampling 
information corresponding to specific physical quantities 
representing the state at sampling coordinate positions, while 
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sequentially changing the radius from the center of rotation 
of said turntable and the rotation angle; exposure dose 
conversion means to perform conversion into exposure dose 
information corresponding to the exposure dose necessary to 
change from said sampling information to the state of said 
physical quantities, based on the photosensitive 
characteristic curve of said processed member; and exposure 
dose control means to control the exposure dose of said laser 
spot based on said exposure dose information. 

10. The laser patterning device according to claim 8, 
wherein said sampling information generation means generates 
sampling information by calculations from said sampling 
coordinates at the time of drawing operation. 

11. The laser patterning device according to claim 8, 
wherein the sampling information generation means comprises 
storage means to store, in a relative coordinate system, 
sampling information comprised by a prescribed basic pattern 
when the drawing pattern comprises repetitions of said basic 
pattern, and relative coordinate conversion means to convert 
said sampling coordinates into relative coordinates; and, 
which reads and outputs the sampling information, based on 
relative coordinates, from said storage device. 
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12. The laser patterning device according to claim 11, 
wherein the amount of advance of the slider during a single 
rotation of said turntable is made equal to an integral 
fraction of unity of said basic pattern to draw the basic 
pattern. 

13. The laser patterning device according to claim 8, 
wherein the same laser pulse train is irradiated a plurality 
of times during a single rotation of said processed member, 
and the same drawing pattern is formed a plurality of times on 
the processed member. 

14. A laser patterning method, wherein the processed 
member is placed on a turntable and rotated and an optical 
system mounted on a linear slider is moved to cause laser 
light to move along the slider; sampling coordinates are 
generated while sequentially changing the radius from the 
center of rotation of the turntable and the rotation angle; 
sampling information corresponding to specific physical 
quantities is generated representing the state at sampling 
coordinate positions; and, laser patterning of a prescribed 
pattern is performed on said processed member while changing 
the exposure dose of the laser spot based on the sampling 
information. 
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15. A laser patterning method, wherein the processed 
member is placed on a turntable and rotated and an optical 
system mounted on a linear slider is moved to cause laser 
light to move along the slider; sampling information- is 
generated corresponding to specific physical quantities 
representing states at sampling coordinate positions while 
sequentially changing the radius from the center of rotation 
of the turntable and the rotation angle; conversion into 
exposure dose information is performed corresponding to the 
exposure dose necessary to change from said sampling 
information to the state of said physical quantities, based on 
the photosensitive characteristic curve of said processed 
member; and, laser patterning of the prescribed pattern is 
performed on said processed member, controlling the exposure 
dose of said laser spot based on said exposure dose 
information. 

16. The laser patterning method according to claim 14, 
wherein sampling information is generated by calculation from 
said sampling coordinates at the time of drawing operation. 

17. The laser patterning method according to claim 14, 
wherein, when the drawing pattern comprises a repetition of a 
prescribed basic pattern, sampling information comprised by 
the basic pattern is stored in a storage device in advance in 
relative coordinates, said sampling coordinates are converted 
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into relative coordinates, and sampling information is read 
and output from said storage device based on the relative 
coordinates . 

18. The laser patterning method according to claim 17, 
wherein the amount of advance of the slider during a single 
rotation of said turntable is made equal to an integral 
fraction of unity of said basic pattern to draw the basic 
pattern. 

19. The laser patterning method according to claim 14, 
wherein the same laser pulse train is irradiated a plurality 
of times during a single rotation of said processed member, 
and the same drawing pattern is formed a plurality of times on 
the processed member. 

20. A hologram master, wherein a plurality of hologram 
regions to reproduce images obtained by analysis of a color 
three-dimensional image into color components are placed on 
the same substrate. 

21. The hologram master according to claim 20, wherein 
said color components are red, green, and blue. 
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22. The hologram master according to claim 20, wherein 
said substrate is a disk. 

23. The hologram master according to claim 20, wherein 
said plurality of hologram regions are placed on a circular 
area . 

24. The hologram master according to claim 20, wherein 
the material of said substrate is either glass, quartz, or 
metal. 

25. The hologram master according to claim 20, wherein 
photosensitive material whose shape, transmissivity , 
reflectivity, refractive index, or other optical 
characteristic changes spatially is formed on the surface of 
the substrate. 

26. A hologram master manufacturing method, wherein 
photosensitive material is applied to a substrate, and the 
photosensitive material is exposed and developed to form, on 
said photosensitive material, a plurality of hologram regions 
which reproduce images resulting from analysis of a color 
three-dimensional image into color components. 
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27. The hologram master manufacturing method according 
to claim 26 , wherein said photosensitive material is used as a 
sacrificial layer, and the pattern formed in the 
photosensitive material by etching is transferred to. said 
substrate. 

28. The hologram master manufacturing method according 
to claim 26, wherein laser light is moved linearly while 
rotating a substrate on which is applied said photosensitive 
material, and said hologram regions are formed by drawing a 
pattern having numerous gray scale levels in the depth 
direction while changing the optical intensity of the laser 
spot formed on said photosensitive material. 

29. The hologram master manufacturing method according 
to claim 26, wherein, as the exposure equipment performing 
said exposure processing, a laser patterning device is used 
comprising a turntable to rotate a substrate coated with 
photosensitive material, a slider which is capable of moving 
linearly, a laser serving as a light source, an optical system 
mounted on said slider and which condenses the laser light to 
form a spot on the layer of said photosensitive material, and 
an optical modulator which changes the optical intensity of 
said laser spot, to draw an arbitrary pattern. 
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30. A hologram, fabricated by transferring onto hologram 
recording media an image reproduced on the basis of the 
hologram master according to claim 20. 

31. A hologram manufacturing method, which performs 
fabrication by transferring onto hologram recording media the 
image reproduced on the basis of the hologram master according 
to claim 20. 

32. A display device, comprising the hologram master 
according to claim 20; means for rotating the hologram master; 
light sources in colors corresponding to said hologram 
regions; and means for irradiating hologram regions with beams 
emitted from light sources in corresponding colors, to 
reproduce color three-dimensional images. 
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ABSTRACT OF THE DISCLOSURE 

The laser patterning device of this invention comprises a 
turntable on which is placed a processed member, and which 
rotates the member; a linear slider; a laser serving' as a 
light source; an optical system, mounted on the slider, which 
condenses the laser light to form a laser spot on a substrate; 
and an optical modulator which changes the optical intensity 
of the laser spot. By performing laser patterning of a 
prescribed pattern on the processed member while moving the 
optical system mounted on the slider, while rotating the 
processed member by means of the turntable, a pattern having 
fine gray scales in the depth direction can be drawn with high 
precision and in a short amount of time. 
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Attorney's Ref. No.: 




iplaration and Power of Attorney For Patent Application 
Japanese Language Declaration 



As a below named inventor, I hereby declare that: 



fk©f£J?K $>*3@s Hff«\ TfB©lk©Bc:£©^CflB®$tlfe My residence, post office address and citizenship are as stated 

lift. next to mv name - 

Tn2©£*©?8W \zm btl 5RffiHC33«^ ft> ^frftH bT I believe I am the original, first and sole inventor (if only one name 

^Z^mft^lZ-o^X, &#g®fr-3P§— ©3SfJg# CFf3©JS£ is listed below) or an original, first and joint inventor (if plural 

:>©*&) & b < &»?0frOftP3P£#"£$>§ il (TIB©£ names are listed below) of the subject matter which is claimed 

r) fbt^ito and for which a patent is sought on the invention entitled 



t&TJfU— IfffiiS^^tfU^n^AV LASER DRAWING APPARATUS, LASER DRAWING METHOD, A 
7k *? W£ (DM&loWi MASTER FOR MANUFACTUR I NG HOLOGRAM , AND MANUFACTUR I NG 

METHOD THEREOF 

±ta^BJ©SJffl* (Tffi©ffl"T xEp#'OviT^&v^-&yU * the specification of which is attached hereto unless the following 
SfciSft) BU box is checked: 



IS was filed on November 6, 2000 
H 2000 ^ 11 H 6 Bfcjittig ti, as United states Application Number or 
^HiBBflfMI Sfefi PCT International Application Number 
ftf^m^^^ BR UiHB#^* 09/707 ,217 tU 09/707,217 and was amended on 
fCgTE^tlSbfeo (if applicable). 



^fFlf;£i6Ht^tf±fEIJIE&fflW®l*£tfeifU F*3g I hereby state that I have reviewed and understand the contents 
£3fi?bT:^£C:2:£;i££SWb£1-o of the above identified specification, including the claims, as 

amended by any amendment referred to above. 



I acknowledge the duty to disclose information which is material 
to patentability as defined in Title 37, Code of Federal 
Regulations, Section 1 .56. 
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Trademarks. Washinsfton. DC 20231. 
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Japanese Language Declaration 



mt, *HS«^3 51119S (a) - (d)^X{i3 6 5sfe 



I hereby claim foreign priority under Title 35, United States Code, 
Section 119 (a)-(d) or 365(b) of any foreign application^) for 
patent or inventor's certificate, or 365(a) of any PCT 
International application which designated at least one country 
other than the United States, listed below and have also identified 
below, by checking the box, any foreign application for patent or 
inventor's certificate, or PCT international application having a 
filing date before that of the application on which priority is 
claimed. 



Prior Foreign Application^) 

11-313865 
(Number) 

2000-92515 
(Number) 



Japan 



4th/November/1999 



Priority Not Claimed 
«5fc*±§B& b 
□ 



(Country) 
Japan 



(Day/Month/Year Filed) 

(fcBH^MB) 
29 th /March/2000 



(Country) 
(H«) 



fttt, SB 3 5i*Ba«l 1 9*(e)ac»^TTffi©#H15 



(Day/Month/Year Filed) 

I hereby claim the benefit under Title 35, United States Code, 
Section 119 (e) of any United States provisional application(s) 
listed below. 



(Application No.) (Filing Date) 

(tHWS-t) (fflHB) 

&fctTia©#Hifel*SS3 51 1 2 0 3fefc2£^-CTnB©#B«r 

*»#*5H©F«j8ii j #HSft!S3 smu 2 3kmimximtfm 



(Application No.) (Filing Date) 

(ffiKB) 

I hereby claim the benefit under Title 35, United States Code, 
Section 1 20 of any United States application(s), or 365 (c) of any 
PCT International application designating the United States, 
listed below and, insofar as the subject matter of each of the 
claims of this application is not disclosed in the prior United 
States or PCT International application in the manner provided by 
the first paragraph of Title 35, United States Code, Section 1 1 2, I 
acknowledge the duty to disclose information which is material to 
patentability as defined in Title 37, Code of Federal Regulations, 
Section 1.56 which became available between the filing date of 
the prior application and the national or PCT International filing 
date of application: 



(Application No.) (Filing Date) 

(WJSS^) (WBB) 



(Application No.) (Filing Date) 

(ffilf^) (HJEB) 

u «t-3T^iit:±fB©rfc<s«*sfcusr= 



(Status: Patented, Pending, Abandoned) 



(Status: Patented, Pending, Abandoned) 

I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these 
statements were made with the knowledge ihat willful false 
statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued 
thereon. 
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Japanese Language Declaration 



fttt, *»&JIJr§3 511 19^ (a) - (d)JSXf±3 6 5& 
X^%mW,J]3k$l3 6 5*<a)JgfcS^<BI»tHIS, Xiifl-B 



Prior Foreign Application(s) 
2000-263757 



I hereby claim foreign priority under Title 35, United States Code, 
Section 119 (a)-(d) or 365(b) of any foreign application(s) for 
patent or inventor's certificate, or 365(a) of any PCT 
International application which designated at least one country 
other than the United States, listed below and have also identified 
below, by checking the box, any foreign application for patent or 
inventor's certificate, or PCT International application having a 
filing date before that of the application on which priority is 



31st/August/2000 



Priority Not Claimed 
□ 



(Number) 



(Country) 



(Day/Month/Year Filed) 

(ffiM^B) 



(Number) 



(Country) 



&J±, IB 3 5IB*B&ftl 1 9!6<e)ffifc£fct,vCTffl©#B!S 



(Day/Month/Year Filed) 

I hereby claim the benefit under Title 35, United States Code, 
Section 119 (e) of any United States provisional application(s) 
listed below. 



(Application No.) 



(Filing Date) 
(ZHJRB) 



(Application No.) 



(Filing Date) 
(ftUB) 



8>ttTffl©#BSftSg3 5 HI 2 0 36fc3£^TTS3©:#B$$ 

&mmmm<D\*im&*m ; &mm3 5111 2tnixaisi 

Sfc{±#ff«^^»B^ffittiBST»©MF^*fcA^$tLfe, S» 



(Application No.) 



(Filing Date) 

(ffiiKB) 



(Application No.) (Filing Date) 

(HJ»#^) (ffiHB) 

nmr* % d , ip-D&ft htzmm. t&oam tztzz < 

£i»©aii8;&tf*ftfc|E^©fT»i±#B&»S& 18IS100 1 



I hereby claim the benefit under Title 35, United States Code, 
Section 1 20 of any United States application^), or 365 (c) of any 
PCT International application designating the United States, 
listed below and, insofar as the subject matter of each of the 
claims of this application is not disclosed in the prior United 
States or PCT International application in the manner provided by 
the first paragraph of Title 35, United States Code, Section 1 1 2, I 
acknowledge the duty to disclose information which is material to 
patentability as defined in Title 37, Code of Federal Regulations, 
Section 1.56 which became available between the filing date of 
the prior application and the national or PCT International filing 
date of application: 

(Status: Patented, Pending, Abandoned) 
(Status: Patented, Pending, Abandoned) 

mu : www rt«f, mmm) 

I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1 001 of Title 1 8 of the 
United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued 
thereon. 
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Japanese Language Declaration 

(B*i§Mg«) 

Sffitt: ?£f±, Te&<D&W%tLT, ^fflJgCH-r^— tiU©^ POWER OF ATTORNEY: As a named inventor, 1 hereby appoint the 
m%%^&&MmiZMLTWff-t~%#M±£tzl±ttmAb b following attorney(s) and/or agent(s) to prosecute this application 
T> T!B©#£fH£^feb£3-o (#S±> %.tz\&?mk<D&&%. and transact all business in the Patent and Trademark Office 
TfSMW^ ~& iJI 2 © d £ ) connected therewith, (list name and registration number) 
G. Gregory Schivley,(Reg. No.27,382) G. Gregory Schivley,(Reg. No.27,382) 
Bryant Wade, (Reg. No. 40,344) Bryant Wade, (Reg. No. 40,344) 


Harness, Dickey, Pierce, P.LC. 
P.O. Box 828 

Bloomfield Hills, Michigan 48303, 


Send Correspondence to: 

Harness, Dickey, Pierce, P.LC. 
P.O. Box 828 

Bloomfield Hills, Michigan 48303, 


Direct Telephone Calls to: (name and telephone number) 
Harness, Dickey, Pierce, P.LC. 
(248)641-1600 


Direct Telephone Calls to: (name and telephone number) 
Harness, Dickey, Pierce, P.LC. 
(248)641-1 600 




Full name of sole or first inventor 
Kimio NAGASAKA 


^fjS#©*£ Btt 


Inventor's signature Date 




Residence 
msnhriW VeuaanaSW-ken, Japan 


mm ^ 


Citizenship 


392-8502 B*S:f5l7«J8lfir|i**n3Tg3§5-5| 


Post Office Address 

c/o Seiko Epson Corporation 

3-5, Owa 3-chome, Suwa-shi, Nagano-ken 392-8502 Japan 




MM® j§« 


Full name of second joint inventor, if any 
Hiroyasu KASEYA 




Second inventor's signature Date 




Residence 
ii*.iV«,-Shi M».£)AKo~k&v\ Japan 


mm 


Citizenship 
Japan 


392-8502 B^ll^S7»illfirtT^n3Tg3#5^ 


Post Office Address 

c/o Seiko Epson Corporation 

3-5, Owa 3-chome, Suwa-shi, Nagano-ken 392-8502 Japan 




(igHJ^fflit^HI^fco^T*H«£iB*U 


(Supply similar information and signature for third and subsequent 
joint inventors.) 
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Japanese Language Declaration 

(B*§gSS«) 

Se^t : TUOmm^t bt, ffltlt £— BJ©# POWER OF ATTORNEY: Asa named inventor, i hereby appoint the 

Sag S*#f^^^tMUT^fi L -r5#a±^fc!iff;aAi: b following attomey(s) and/or agent(s) to prosecute this application 
X, TsB©#£Jl£^fcb£-ro (#S±s ^fci±ftSA©R^S and transact all business in the Patent and Trademark Office 
tFSIflS"^* % 98a3© Ci) connected therewith. (?/sf na/rce and registration number) 

G. Gregory Schivley,(Reg. No.27,382) G. Gregory Schiviey,(Reg. No.27,382) 

Bryant Wade, (Reg. No. 40,344) Bryant Wade, (Reg. No. 40,344) 



Harness, Dickey, Pierce, P.LC. 
P.O. Box 828 

Bioomfield Hills, Michigan 48303, 



Send Correspondence to: 

Harness, Dickey, Pierce, P.LC. 
P.O. Box 828 

Bioomfield Hills, Michigan 48303, 



Direct Telephone Calls to: (name and telephone number) 
Harness, Dickey, Pierce, P.LC. 
(248)641-1600 


Direct Telephone Calls to: (name and telepho 
Harness, Dickey, Pierce, P.LC. 
(248)641-1600 


ne number) 


S§H±t|B||gBJi# 


Full name of third joint inventor, if any 
Akira MIYAMAE 




% fa % W&B 


Third inventor's signature 


Date 


b*b. mm , 


Residence 
"wf/W-WiNagano-Ash , Japan 




mm 


Citizenship 
Japan 




392-8502 B*Sft»*lH*TlT*«]3Tg3#5# 


Post Office Address 

c/o Seiko Epson Corporation 

3-5, Owa 3-chome, Suwa-shi, Nagano-ken 392-8502 Japan 
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Seiko Epson Ref. No.: 



818£§iE (Translation/ H^fglR) 



0 2000 5 11 £ 6 B KHiil^n. rHBWf 09/707,21 7 

□ pct Baffin tbT ca«ft, 



s 4 # i ^ c &m & m -r £ -fe -f =3 7° v 



Assignment 

For good and valuable consideration, the receipt of which is hereby 
acknowledged, l/WE, the undersigned, 

Kimio NAGASAKA, Hiroyasu KASEYA, Akira MIYAMAE , 

who have created a certain invention for which an application for 
United States Letters Patent 

I I executed by ME/US on even date herewith, 

□ executed by ME/US on , (respectively) , 

[^t filed on November 6, 2000 and assigned Serial 

No. 09/707,217 , 
I | filed as International Application No. filed on 

and entitled: 

Laser Drawing Apparatus, Laser Drawing Method. A Master For 
Manufacturing Hologram, And Manufacturing Method Thereof 

Do hereby sell, assign and transfer to Seiko Epson Corporation, a 
corporation of Japan, having a place of business at 4-1, Nishi- 
shinjuku 2-chome, Shinjuku-ku, Tokyo, Japan, its successors, 
assigns, and legal representatives, the full and exclusive right to 
said invention and said application and to any and all inventions 
described in said application for the United States, its territorial 
possessions and all foreign countries, and the entire right, title and 
interest in and to any and all Letters Patent which may be granted 
therefor in the United States, its territorial possessions and all 
foreign countries; and in and to any and all continuations-in-part, 
continuations, divisions, substitutes, reissues, extensions thereof, 
and all other applications for Letters Patent relating thereto which 
have been or shall be filed in the United States, its territorial 
possessions and/or any foreign countries, and all rights, together 
with all priority rights, under any of the international conventions, 
unions, agreements, acts, and treaties, including all future 
conventions, unions, agreements, acts, and treaties; 



tm)^m^ ummo^mmm m-rmmit.^) 

xo^m^m^xtamu t ; ^tz^cDmmm 

m&Lrzfty&mifi. mmm^x, *<D&m. *®mmm. 
Rum^.ftmx(Dmmmmzx, -mm&tim. mmrnm. 

£tzi±mmmm%^mi^^xmwitfio ■, Msmmt* 
mm*. mmm%x, mm%, ®tmm%s Rw^nrnx^m 

nmmxmu ^mm%x, mm, wwmm. w&mm 
xiztthxmmMm-%tt j 3-tz>z£t % M%^t%m-f?>z 



Agree that Seiko Epson Corporation, hereinafter referred to as 
Assignee, may apply for and receive Letters Patent for said 
invention and said inventions, hereinafter referred to as said 
invention, in its own name, in the United States, its territorial 
possessions, and all foreign countries; and that, when requested to 
carry out in good faith the intent and purpose of this assignment, at 
the expense of said Assignee, its successors, assigns and legal 
representatives, the undersigned will execute all continuations-in- 
part, continuations, divisions, substitutes, reissues, extensions 
thereof, execute all rightful oaths, assignments, powers of attorney 
and other papers, testify in any legal or quasi legal proceedings; 
communicate to said Assignee, its successors, assigns or legal 
representatives all facts known to the undersigned relating to said 
invention and the history thereof; and generally do everything 
possible which said Assignee, its successors, assigns, or legal 
representatives shall consider desirable for aiding in securing, 
maintaining and enforcing proper patent protection for said 
invention and for vesting title to said invention and all applications 
for patents on said invention in said Assignee, its successors, 
assigns, or legal representatives; and 
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©^^©^^©^T^oTV^d^'h ; TIBC££ 
b ttk/%hMz iot, ' © mm C I3« $ ti T V ^3 i^fiff M 

as, £ «fc T © foMffi.^ ti - i: £ 11* 1" 5 - 



Covenant with said Assignee, its successors, assigns, or legal 
representatives that no assignment, grant, mortgage, license or 
other agreement affecting the rights and property herein conveyed 
has been made to others by the undersigned, and that full right to 
convey the same as herein expressed is possessed by the 
undersigned. 

Silt {i$S§§©§tf:9-© l/WE, the undersigned do further agree that this Assignment is to 
be construed solely according to the terms of the English language 
portions thereof. 

IN TESTIMONY WHEREOF l/WE have hereunto set MY/OUR 
signature seal on the date indicated below. 







Full name of sole or first inventor 
Kimio NAGASAKA 








Inventor's signature 


Date 






Full name of second joint inventor, if any 
Hiroyasu KASEYA 






an 


Second Inventor's signature 


Date 














Full name of third joint inventor, if any 
Akira MIYAMAE 








Third Inventor's signature 


Date 


£ ft * 


7,0 /-f iff* a 




January 2*cj 






Full name of fourth joint inventor, if any 








Fourth Inventor's signature 


Date 






Full name of fifth joint inventor, if any 








Fifth Inventor's signature 


Date 






Full name of sixth joint inventor, if any 





Sixth Inventor's signature 



Full name of seventh joint inventor, if any 



Seventh Inventor's signature 



f5A#H#£$# ( U-5J§ o) Full name of eighth joint inventor, if any 



mA&l^fl^ Htt Eighth Inventor's signature 
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